The sodium ion translocating adenosinetriphosphatase of Propionigenium modestum pumps protons at low sodium ion concentrations.
The purified ATPase (F1F0) of Propionigenium modestum has its pH optimum at pH 7.0 or at pH 6.0 in the presence or absence of 5 mM NaCl, respectively. The activation by 5 mM NaCl was 12-fold at pH 7.0, 3.5-fold at pH 6.0, and 1.5-fold at pH 5.0. In addition to its function as a primary Na+ pump, the ATPase was capable of pumping protons. This activity was demonstrated with reconstituted proteoliposomes by the ATP-dependent quenching of the fluorescence of 9-amino-6-chloro-2-methoxyacridine. No delta pH was formed in the presence of the uncoupler carbonyl cyanide m-chlorophenylhydrazone or by blocking the ATPase with dicyclohexylcarbodiimide. In the presence of valinomycin and K+, the delta pH increased, in accord with the operation of an electrogenic proton pump. The proton pump was only operative at low Na+ concentrations (less than 1 mM), and its activity increased as the Na+ concentration decreased. Parallel to the decrease of H+ pumping, the velocity of the Na+ transport increased about 6-fold from 0.1 to 4 mM NaCl, indicating a switch from H+ to Na+ pumping, as the Na+ concentration increases. Due to proton leaks in the proteoliposomal membranes, fluorescence quenching was released after blocking the ATPase with dicyclohexylcarbodiimide, by trapping residual ATP with glucose and hexokinase, or by the Na+-induced conversion of the proton pump onto a Na+ pump. Amiloride, an inhibitor of various Na+-coupled transport systems, was without effect on the kinetics of Na+ transport by the P. modestum ATPase.